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Abstract 
 
Objectives: Neonatal mortality, the death of an infant within the first 28 days of life, is a public 
health concern both globally and in Indonesia. Research on how place of delivery impact 
neonatal mortality in Indonesia are limited. This study aims to assess the relationship between 
place of delivery among those who gave birth while being overseen by skilled attendants and 
neonatal mortality in Indonesia.  
Methods: We analyzed 11,906 children born to women aged 15-49 years who had vaginal 
deliveries supervised by skilled attendants using the 2012 Indonesia Demographic and Health 
Survey data set. Using bivariate and multivariate logistic regressions, we assessed the 
relationships between place of delivery at each level of care and neonatal mortality while 
controlling for mothers’ age, parents’ education level, parity, birth intervals, maternal 
complications during pregnancy or delivery, antenatal care visits, place of residence, wealth 
quintiles, and health insurance coverage. We also assessed the association between place of 
delivery and neonatal mortality stratified by urban and rural areas. 
Results: In multivariate analyses, giving birth at first level health institutions was significantly 
associated with reduced odds of neonatal mortality (adjusted OR 0.35, 95% CI 0.15, 0.83) 
compared to home-based deliveries supervised by skilled attendants. Compared to home-based 
deliveries overseen by skilled attendants, the odds of neonatal mortality were lower among urban 
women who delivered at first level health institutions (adjusted OR 0.18, 95% CI 0.05, 0.57) and 
at referral level health institutions (adjusted OR 0.52, 95% CI 0.19, 1.42). Among rural residing 
women, the odds of neonatal mortality were lower among those who delivered at first level 
health institutions (adjusted OR 0.68, 95% CI 0.28, 1.65), but higher among those who delivered 
at referral level institutions (adjusted OR 2.99, 95% CI 1.23, 7.24). 
Conclusions for Practice: Institutional delivery, especially at first level health institutions, 
contributes to the reduction of neonatal mortality in Indonesia. Health disparities in neonatal 
health exist between urban and rural areas in Indonesia thus, availability of and accessibility to 
quality childbirth care services should be provided across the country, especially in rural areas. 
 
Keywords: institutional delivery, skilled birth attendant, neonatal mortality, Indonesia 
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A. Introduction and Problem Statement 
Survival of infants beyond the first 28 days of life, the neonatal period, is a major 
global public health concern. Globally, an estimated 2.7 million newborns died in 2015 
within their first month of life.1 Despite the relative brevity of the neonatal period, mortality 
during this time accounted for 45% of all deaths in children less than 5 years of age in 2015.1 
Of greater concern was that in 2015, 98% of all cases of neonatal deaths around the globe 
occurred in developing countries, two-thirds of which happened in only twelve countries: 
India, Pakistan, Nigeria, Democratic Republic of Congo, China, Ethiopia, Indonesia, 
Bangladesh, Angola, Tanzania, Sudan, and Afghanistan.2 In Southeast Asia, half of all under-
five mortalities occurred during the neonatal period, and these mortalities contributed to 6% 
of the number of global neonatal deaths in 2015.2 
In Indonesia, over the last 20 years, the under-five mortality rate has declined by 
almost 60% and the infant mortality ratio has fallen by half.3 Several key national policies 
may have contributed to these changes. The village-based midwife and primary care medical 
doctor deployment program launched in 1989 and 1991, respectively, are major nationwide 
interventions aimed at providing access to health care services in villages and remote areas. 
The programs are also intended to concurrently address the high maternal and neonatal 
mortality rates in Indonesia.4,5 Additionally, other international-adapted projects, including 
the Safe Motherhood Project, Health Project 5, and Maternal and Child Survival 
Development and Protection,6 were instituted over the same period as the deployment 
program. The net effect of these initiatives has been an increase in the density of health 
professionals,4,7 a higher  proportion of births attended by skilled attendants,6,7 and a 
reduction in the infant and under-five mortality rates.6  
2 
 
In Indonesia, substantial declines in neonatal mortality occurred between 1990 and 
1995 and then became stationary.3 Some studies have tried to identify factors associated with 
neonatal mortality in Indonesia. Titaley and colleagues (2008) analyzed the data of the 2002-
2003 Indonesia Demographic and Health Survey (IDHS) and found that being a male infant, 
a low weight at birth, living in rural area, and unemployed father were associated with higher 
odds of neonatal mortality.8 Additional risks included high parity (i.e., more than four births), 
close birth intervals, and maternal complications during delivery.9 Conversely, infants born 
to women who received antenatal care, skilled attendance at birth, and postnatal care visits 
had lower odds of death during the neonatal period.9  
Having a skilled attendant at birth is recommended by the World Health Organization 
(WHO) as an essential intervention to reduce maternal and neonatal mortality.10 However, in 
analyses involving multi-developing countries in Latin America/Caribbean, Africa, and Asia, 
Singh and colleagues (2014) revealed that the association between skilled delivery and 
neonatal mortality varied across regions.11 Overall, having a skilled attendant at birth 
appeared to be protective against newborn death in the first day and in the first week of life 
(adjusted odds ratio [OR] 0.71 and 0.70, respectively), although these findings were not 
statistically significant.11 However, when compared with unskilled delivery in Latin 
America/Caribbean, having a skilled attendant at birth in Asia and Africa was significantly 
associated with increased odds of early neonatal mortality (adjusted OR 2.49 and 1.78, 
respectively).11 Considering that one in every five Indonesian women gave birth at home in 
2012,3 the presence of a skilled attendant per se may not be as influential as expected, 
especially in home-based deliveries. A study by Hatt and colleagues (2009) in Indonesia 
found that among women who had home births overseen by a skilled attendant, the odds of 
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newborn death in the first day (adjusted OR 1.17, 95% confidence interval [CI] 0.77, 1.79) or 
in the first week of life (adjusted OR 1.09, 95% CI 0.84, 1.41) were not significantly 
different from those who delivered at home with no professional attendant in place.12 One 
possible explanation for this is provided by the study of Blum and colleagues (2008) in 
Bangladesh, in which the authors found that home-based deliveries were associated with 
difficulties for skilled birth attendants who had to provide mothers with quality health care 
services in a less than optimum environment with a less clean setting and limited access to 
medical equipment.13 In addition, they also had to overcome geographical and transportation 
constraints to reach their client’s house, as well as to perform a timely referral; these 
constraints may contribute to delays in delivering health care services.13 Additional concerns 
about giving care at a client’s house included pressure from the client’s family and a lack of 
personal security.13 To overcome all of these concerns, Campbell and colleagues (2006) 
highlighted the importance of institutional delivery or “health-centre intrapartum care” as 
they call it in their article.14  
Institutional delivery, according to Campbell and colleagues (2006), is beneficial for 
both the mother and her baby, as well as for the birth attendant.14 In addition to the efforts to 
preserve the nature of delivery by emphasizing a non-interventional approach, institutional 
delivery also provides the opportunity for timely-watchfulness and early detection and 
immediate response in case of maternal and/or neonatal complications.14 Also, giving birth at 
a health facility allows the birth attendant to work in a team with other health personnel.14 
Furthermore, Filippi and colleagues (2006) recommended that institutional delivery should 
be scaled up as an intervention for reducing maternal and neonatal mortality in poor 
countries.14  
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In parallel with this recommendation, as of January 1, 2014, the Government of 
Indonesia has been implementing the National Health Insurance (Jaminan Kesehatan 
Nasional, JKN) program. The benefits of the program include coverage for maternal and 
neonatal care services at public and partnered private health facilities and exclude home-
based care services.15 In addition to this program, the new presidential administration that 
took office in 2015 has introduced a new indicator of institutional delivery coverage in the 
2015-2019 National Development Plan.16 
Associations between institutional delivery and neonatal outcomes in low- and 
middle-income countries, including Indonesia, are unfortunately not so clear-cut.17 A study 
by Fink and colleagues (2015) showed that compared with home-based delivery, giving birth 
at a health institution in developing countries overall was not related to the odds of neonatal 
mortality (adjusted OR 0.995, 95% CI 0.966, 1.025).17 However, this study did not take into 
account the type of birth attendants (i.e., traditional birth attendant vs. skilled attendant), the 
modes of delivery (i.e., vaginal delivery vs. caesarean section delivery), or the level of care 
of the health institutions (i.e., first-level vs. referral level health facility).17 Similarly, a study 
by Hatt and colleagues (2009) compared deliveries with and without skilled attendants in 
different places but did not stratify the analyses by level of care or delivery methods.12 In 
their study, Hatt and colleagues did not find any association between home-based deliveries 
and neonatal mortality, regardless of the presence of skilled attendants.12 
The implementation of the Indonesia National Health Insurance program and the 
2015-2019 Indonesia National Development Plan that aims to move all home-based 
deliveries – with or without skilled attendants – to institutional deliveries raises the question 
of which is more beneficial for neonatal survival in Indonesia, hiring a skilled attendant to 
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give delivery care at home or giving birth at a health institution? In light of this question, this 
paper aims to compare between skilled birth attendance at home and at each level of health 
institution in order to support or refute the effectiveness of promoting institutional deliveries 
for reducing neonatal mortality in Indonesia.  
 
B. Research Question 
The aim of this paper is to examine whether vaginal births overseen by a skilled 
attendant at health institutions in Indonesia are associated with a change in the odds of 
neonatal mortality compared with home-based deliveries supervised by skilled birth 
attendants, while controlling for maternal age, parents’ education level, parity, birth interval, 
number of antenatal care visits, maternal complications during pregnancy or delivery, place 
of residence, household wealth quintiles, and health insurance coverage status. 
 
C. Literature Review 
a. Neonatal mortality 
The World Health Organization (WHO) defines the neonatal period as the time 
interval from the birth of an infant until the 28th day of life.18 The neonatal period is a 
short yet critical phase of life. The life-course perspective posits that the health status in a 
stage of life is influenced by the health status during preceding phases.19 From this 
perspective, it is plausible that neonatal health status influences health status in childhood 
and the adult years.  
Neonatal survival plays a vital role in public health as it reflects the ability of a 
government and its stakeholders to provide its people with access to quality health care 
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services. A commitment to reduce global child mortality is also among the Millennium 
Development Goals. Unfortunately, the MDG targets mentioned only under-five and 
infant mortalities and did not explicitly address the issue of neonatal mortality. This may 
explain the fact that under-five and infant mortalities have fallen significantly between 
1990 and 2015, while neonatal mortalities have not.20 Progress in reducing neonatal 
mortalities, as part of under-five and infant mortalities, has been slower than progress in 
reducing post-neonatal mortalities. In response to this, the United Nations Summit in 
September 2015 adopted Sustainable Development Goals that stipulate that all member 
countries should aim to reduce neonatal mortality from 19 per 1,000 live births globally 
in 2015 to at least 12 per 1,000 live births by 2030.21 
 
b. Factors related to neonatal mortality 
Neonatal mortality is influenced by direct and indirect causes. Globally, direct 
causes of neonatal death include preterm births (27%), sepsis/pneumonia (26%), asphyxia 
(23%), tetanus (7%), congenital anomalies (7%), diarrhea (3%), and others (7%).2 Liu et 
al. reported that pneumonia, tetanus, and diarrhea showed a more than 30% decline as the 
causes of neonatal death between 2000 and 2013.22 Over the same period, preterm births 
and neonatal sepsis showed a 20-30% decline while congenital anomalies appeared to be 
stable.22 
Neonatal mortality also reflects the overall health status of a society while taking 
into account multiple contributing factors. Jehan and colleagues (2009) conducted a 
prospective study of 1,300 pregnant women in Pakistan between 2003 and 2005 and 
assessed their pregnancy outcomes, including neonatal survival or death. In terms of 
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neonatal factors, they found that a gestational age less than 37 weeks and birth weight 
less than 2,000 grams increased the odds of neonatal death by almost 6 fold compared 
with their counterparts.23 They also found that gender might play a role in neonatal 
survival, as a baby boy tended to have a higher chance to live than a baby girl, although it 
showed no statistical significance.23 The higher likelihood of a baby boy to live may 
reflect a gender preference, as Zubair and colleagues (2006) found in their study of 300 
Pakistani women, which showed that boys were preferred three times more than girls.24 
Moreover, almost 20% of couples were interested in preconception sex selection 
procedures if covered by insurance.24 
Among maternal factors, Jehan and colleagues found that women who underwent 
caesarean section tended to have a two-fold greater risk of neonatal death than those who 
had vaginal delivery.23 This may be due to accompanying maternal complications – 
especially infections – that require the caesarean section mode of delivery. Meconium-
stained, foul-smelling amniotic fluids – a sign of intrauterine infections – increased the 
risk of neonatal death by 3 times.23 Other maternal factors, such as maternal age, 
education level, weight, height, and history of antenatal care visits and previous birth loss 
did not seem to be statistically significant factors affecting neonatal survival or death.23 
However, another study by Mekonnen and colleagues (2013) that assessed a series of 
Ethiopia Demographic and Health Surveys 2000, 2005, and 2011 found otherwise.25 The 
study revealed some protective factors against neonatal death, including a higher 
education level of mothers, being married and in a rich group, a birth order of third or 
later, and maternal vaccination against tetanus toxoid.25 In contrast, younger maternal 
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age, living in rural regions, and a birth interval of less than 2 years increased the odds of 
neonatal death.25 
    
c. Institutional delivery 
Institutional delivery is reckoned when a woman gives birth assisted by a skilled 
attendant at a health facility. The skilled attendant is defined as “an accredited health 
professional – such as a midwife, doctor or nurse – who has been educated and trained 
to proficiency in the skills needed to manage normal (uncomplicated) pregnancies, 
childbirth and the immediate postnatal period, and in the identification, management and 
referral of complications in women and newborns”.26 In addition, the term health facility 
refers to any publicly or privately owned hospital or clinic.26 In an Indonesian context, 
institutions for delivery include 1) public institutions, i.e., hospitals, primary health 
centers, village health posts, and delivery posts, and 2) private institutions, i.e., hospitals, 
maternity home/clinics, and private practices of medical doctors, midwives, or nurses.3  
Institutional delivery is among interventions that have proven as effective in 
reducing neonatal mortality according to a cost-effectiveness study by Darmstadt and 
colleagues (2005) involving data from 75 countries across the globe. They estimated that 
increasing the coverage of institutional delivery to 90% can avert 23-50% of neonatal 
mortality.27 Moreover, combining institutional delivery with 90% coverage of antenatal 
care package, early detection and treatment for malaria, and family and community care 
services may reduce neonatal mortality by as much as 31-61%.27  
Universally, the direct causes of neonatal mortality remain the same: asphyxia, 
preterm birth, infections, and congenital anomalies. Some infections can be prevented by 
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safe, clean delivery practices and environment. In contrast, asphyxia, preterm births, and 
congenital anomalies may be identified only at the time of birth, and they require 
immediate interventions and, if needed, transfer to referral facilities. All of these facts 
underscore the importance of giving birth while attended by skilled personnel at a health 
institution.  
Institutional delivery can also help avert maternal mortality. A literature review 
by Campbell and colleagues (2006) also recommended institutional delivery, especially 
at the health center level, as one of the proven strategies for reducing maternal 
mortality.14 WHO encourages all women to give birth with the assistance of a skilled 
attendant at health institution as it is much safer than delivering at home.26 As the 
majority of pregnancies will conclude with vaginal delivery, a first-level health institution 
plays a central role in the services. Past experiences in the United Kingdom, the United 
States, several European countries, Australia, and New Zealand showed that first-level 
maternal and neonatal care could reduce maternal mortality in those studied countries to 
90 to 200 deaths per 100,000 live births.26,28 
 
d. Factors related to preference for place of delivery  
There are several factors affecting the decision of a woman to choose a health 
institution as a place to give birth. Exavery and colleagues (2014) conducted a local 
demographic and health surveillance study involving 915 respondents of women at 
reproductive age in Tanzania in order to determine factors that were associated with the 
odds of giving birth at a health institution.29 They found that women who received more 
services during antenatal care visits were more likely to give birth at a health facility.29 
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These services included weight and height measurement, counseling in various topics, 
physical examinations, tetanus toxoid immunization, disease screening and treatment, and 
fetal heart monitoring.29 In addition, being in the wealthier (Q4) and the wealthiest (Q5) 
groups as well as the presence of inter-spousal discussion also increased the odds of an 
institutional delivery.29 
A qualitative study among Ghanaian women by Crissman and colleagues 
(2013),30 as well as Cofie and colleagues (2015),31 revealed several common barriers to 
institutional delivery that gave rise to a preference for homebirth. These included low 
quality of care provided by the midwives, uncaring health professionals, additional out-
of-pocket costs for delivery, distance and transportation issues, need for partner support 
during delivery, and previous experience with homebirth.30,31 However, they also 
identified positive shifting factors in relation to giving birth at a health institution among 
respondents. A higher education level among women corresponded to a greater 
preference to deliver babies at health care facilities.30 Previous positive experience of 
giving birth at a health institution is also influential in leading women to institutional 
delivery.30,31 Both studies have emphasized the importance of community leaders 
involvement, including senior women, as an effective way to encourage women to deliver 
at a health institution.30,31   
Furthermore, an analysis of the 2007 Bangladesh DHS by Kamal (2013) showed 
that the odds of giving birth in a health facility in Bangladesh was significantly lower 
among working mothers, as well as those who lived in rural areas, already had two or 
more children, or experienced unintended pregnancy previously.32 In contrast, the 
preference for institutional delivery was significantly higher among those who had a 
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higher level of education, received skilled antenatal care, and belonged to the richest 
group.32 Another study in Bangladesh was conducted by Paul and Rumsey (2002).33 They 
interviewed 2,334 couples in rural Bangladesh with the aim to explore their preferences 
for birth assistance. Several factors were influential in increasing couples’ odds of giving 
birth in a health facility, including paternal and maternal education level, antenatal care 
visits, and maternal complication during delivery.33 
Specifically for Indonesia, several factors are considered influential in 
institutional delivery. Berthe (2011) interviewed 300 women in several districts in 
Indonesia and reported the cost of service, the perceived quality of care, and physical 
access to a health institution as the main factors for women in Indonesia that influenced 
their preference to give birth in a health facility. Other minor factors included knowledge 
of maternal and child safety and convenience. The provision of health insurance covering 
maternal and child health care for all residents was believed to overcome the issue of 
service cost.34 
The Government of Indonesia under the new administration of President Joko 
Widodo, who took the office in October 2014, has for the first time put institutional 
delivery among central interventions to reduce maternal and neonatal mortality, as 
mentioned in the 2015-2019 National Development Plan.16 The new government aimed to 
increase the percentage of deliveries in a health institution to 90% by the end of 2019.16 
This new policy is proposed in response to the universal health insurance coverage 
initiative launched on January 1, 2014, through the National Health Insurance (Jaminan 
Kesehatan Nasional, JKN) program. 
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D. Methods 
a. Design 
This study uses the 2012 Indonesia Demographic and Health Survey (IDHS) data 
set, a cross-sectional survey aimed to capture socio-demographic and fertility data, as 
well as the health characteristics of men and women at reproductive age along with those 
of their children, as individuals and as a family in a household.  
The 2012 IDHS used a stratified, two-stage cluster sampling design. In the first 
stage, census blocks (CBs) were selected from previously available CBs used in the 2010 
National Population Census. The 2012 IDHS sample consisted of 1840 CBs: 874 CBs in 
urban regions and 966 CBs in rural areas. When stratified by province, each of the 33 
provinces in Indonesia was designed to have at least 43 CBs. In the second stage 
surveyors selected 46,024 households from the CBs, of which 99% were successfully 
interviewed.3  
 
b. Data Collection and Sampling 
The source population of this study is all children of women at reproductive age 
(15-49 years) born within 5 years prior to the survey in the Children’s Data (Children’s 
Recode – KR) of the 2012 IDHS (n=18,021 children).3 The sample is all singleton births 
of vaginal deliveries overseen by skilled birth attendants with no missing information on 
survival status during neonatal period, place of delivery, and covariates of interest 
(n=10,165 children) as shown in Figure 1.  
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c. Data Analysis 
a) Conceptual model 
The purpose of our statistical analysis is to determine the association of 
having skilled attendants in a health institution during childbirth with the outcome of 
neonatal mortality in Indonesia using the 2012 IDHS. As the base to develop our 
analyses, we used the socio-ecological model to explain that the risk of neonatal 
mortality involves intrapersonal factors (e.g., mother and newborn), interpersonal 
factors (e.g., father and household), community factors (e.g., place of living and 
health institutions), and public policy (e.g., health insurance program).35  
Figure 1. Final analysis sample 
All children of women aged 15-49 years in the 2012 Indonesia DHS, born 
within 5 years prior to the survey:  
n = 18,021 children 
Singleton births:  
n = 17,738 children 
With no missing information on survival status during neonatal period, place of 
delivery, and covariates of interest:  
n = 10,165 children 
Vaginal deliveries:  
n = 15,543 children 
Multiple births or missing data 
excluded (n = 283) 
C-section deliveries or missing 
data excluded (n = 2,195) 
Cases with missing information 
excluded 
(n = 1,741) 
Overseen by skilled birth attendant at birth:  
n = 11,906 children 
Births with non-skilled attendants 
excluded (n = 3,637) 
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Therefore, this analysis looked at maternal age, maternal and paternal 
education, parity, birth interval, antenatal care visits, type of residence (rural vs. 
urban), wealth quintiles, maternal complications during pregnancy or delivery, and 
health insurance ownership as covariates of interest. The hypothesized relationships 
between all of these covariates are presented in the conceptual model (Figure 2). This 
conceptual model informs our primary hypothesis for this analysis. Details of the 
variables are described in Table 1. 
 
 
 
b) Outcome/dependent variable 
Our outcome or dependent variable, neonatal mortality, is the death of a 
newborn within the first 28 days of life, as defined by WHO.36 In this study, the 
variable of neonatal death is categorical with binary 0/1 values, where 0 is neonatal 
Figure 2. Conceptual model describing proposed relationships between variables of interest 
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survivor (i.e., living birth until the first 28 days of life) and 1 is neonatal death (i.e., 
death of an infant within the first 28 days of life).  
 
c) Explanatory/independent variable 
Our key explanatory variable, place of delivery, is categorical with 0 to 2 
labels, where 0 is when the delivery took place at home, 1 is when the delivery took 
place in a first-level health institution, and 2 is for deliveries in a referral level health 
institution. All, including the home-based deliveries, are representing deliveries 
overseen by skilled attendants.  
The stratification of health care providers in this study follows the Indonesia 
National Health System; thus, the first-level health institutions include delivery post, 
village health post, public health center, clinic, maternity clinic, maternity home, and 
private practice of primary care professionals (general practitioner, midwife, village 
midwife, and nurse).37 Meanwhile, private practice of obstetrician, hospital, and 
maternity hospital are classified under the group of referral level health institutions.37  
 
d) Variables of interest 
In order to test the hypothesis and account for possible confounders, we 
propose the following analysis plan involving multiple variables in the 2012 IDHS 
data set (Table 1). 
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Table 1. Description of variables of interest 
Variable Question asked 
in dataset 
Values of the variable in 
original data 
Values of the variable 
as used in this 
analysis/ How variable 
will be constructed if 
not already available 
Variable type 
(Continuous/ 
Categorical) 
Inclusion 
criterion #1: 
b0 
Child is twin? 0: Single birth 
1: 1st of multiple 
2: 2nd of multiple 
3: 3rd of multiple 
Include only singleton 
birth; drop otherwise 
n/a 
Inclusion 
criterion #2: 
m17 
Delivery by 
caesarean 
section 
0: no 
1: yes 
. : missing 
Include only vaginal 
delivery; drop otherwise 
n/a 
Inclusion 
criterion #3: 
m3a-n 
Delivery 
assistance by 
type of personnel 
qualifications. 
For example: 
m3a: doctor 
m3b: obstetrician 
m3c: nurse 
m3d: midwife 
m3e: village 
midwife 
m3f: other health 
professional 
m3g: traditional 
birth attendant 
m3h: 
relative/friend  
0: no 
1: yes 
. : missing 
Include only delivery 
overseen by skilled 
attendant (i.e., m3a to 
m3f); drop otherwise 
n/a 
Key 
independent 
variable: 
m15 
Place of delivery 11: respondent’s home 
12: other homes 
21: public hospital/ clinic 
22: public health center 
23: village health post 
24: delivery post 
26: other public sector 
31: private hospital 
32: private maternity 
hospital 
33: private maternity home 
34: private clinic 
35: private general 
practitioner 
36: private obstetrician 
Convert to new variable 
representing place of 
delivery: delplace 
 
Values: 
0: Home 
1: First-level health 
institutions 
2: Referral level health 
institutions 
. : missing 
Categorical. 
Referent 
group: home 
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37: private midwife 
38: private nurse 
39: private village midwife 
40: other private sector 
96: other 
. : missing 
Dependent 
variable: 
b6 
Age at death 
(day) 
100 – 304: age at death in 
days after birth.  
The first digit represents 
day (1), month (2), or year 
(3). For example, 100 
means death occurred on 
day of birth, while 110 
means death occurred on 
the 10th days following 
birth. 
Create new variables 
representing neonatal 
death (i.e., death within 
the first 28 days of life): 
neodth 
 
Values: 
0: No (neonatal 
survivor) 
1: Yes (neonatal death) 
Categorical. 
Referent 
group: 
neonatal 
survivor 
Covariate #1: 
v012 
Maternal current 
age 
15-49: age in years. 
No missing values. 
Generate new variable 
representing age 
category: magecat 
 
Values: 
0: 20-34 
1: <20 
2: 35+ 
Categorical. 
Referent 
group: age 
20-34  
Covariate #2: 
v106 
Highest 
education level 
of mother 
0: No education 
1: Primary 
2: Secondary 
3: Higher 
No missing values 
Create new variable 
representing parents’  
joint education level: 
jointedu 
 
Values: 
0: No education 
1: Primary education 
2: Secondary education 
3: Higher education 
. : Missing 
Categorical. 
Referent 
group: higher 
education 
Covariate #3: 
v701 
Husband/ 
partner's 
education level 
0: No education 
1: Primary 
2: Secondary 
3: Higher 
8: Don’t know 
. : Missing 
Covariate #4: 
v201 
Total children 
ever born (i.e., 
parity) 
1-14: number of children 
No missing values 
Generate new variable 
representing parity 
category: parity 
 
Values: 
0: 2-4 (multiparity) 
1: 1 (primiparity) 
2: 5 or more (grand 
multiparity) 
Categorical. 
Referent 
group: 2-4 
(multiparity) 
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Covariate #5: 
m14 
Number of 
antenatal care 
visits during 
pregnancy 
0-36: number of visits 
98: don’t know 
. : missing 
Generate new variable 
representing number of 
antenatal care visits: 
anc 
 
Values: 
0: 4 or more visits 
1: less than 4 visits 
. : don’t know or missing 
Categorical. 
Referent 
group: 4 or 
more visits 
Covariate #6: 
b11 
Preceding birth 
interval (months) 
0-319: birth interval in 
months 
No missing values 
Generate new variable 
representing birth 
interval category if parity 
>2: binterval2 
 
Values: 
0: 24-59 months  
1: less than 24 months 
2: 60 months or more 
.: missing 
Categorical. 
Referent 
group: 24-59 
months 
Covariate #7: 
s414c 
(pregnancy), 
and 
s432aa-af 
(delivery) 
Maternal 
complication 
during 
pregnancy or 
delivery 
0: no 
1: yes 
8: don’t know 
.: missing 
Generate new variable 
representing maternal 
complications during 
pregnancy or delivery: 
mcomplic 
 
Values: 
0: No 
1: Yes 
. : don’t know or missing 
Categorical. 
Referent 
group: no 
complications 
Covariate #8: 
v025 
Type of place of 
residence 
1: Urban 
2: Rural 
No missing values 
Rename variable to: 
resid 
 
Values: 
0: Urban 
1: Rural 
Categorical. 
Referent 
group: urban 
Covariate #9: 
v190  
Wealth index 1: Poorest 
2: Poorer 
3: Middle 
4: Richer 
5: Richest 
No missing values 
Rename variable to: 
wealth  
 
Values: 
0: Richest 
1: Richer 
2: Middle 
4: Poorer 
5: Poorest 
Categorical. 
Referent 
group: richest 
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Covariate #10: 
v481 
Covered by 
health 
insurance? 
0: no 
1: yes 
.: missing 
Rename variable to: 
hinsur 
 
Values: 
0: no 
1: yes 
. : missing  
Categorical. 
Referent 
group: 1 (had 
health 
insurance) 
  
e) Statistical analysis software 
All statistical analyses will be conducted in Stata/IC 14 (Stata Corp, College 
Station, Texas, U.S.A.). 
 
f) Ethical aspect 
As the publicly available, de-identified data set of the Indonesia Demographic 
and Health Survey are used, the Institutional Review Board at the University of North 
Carolina at Chapel Hill has declared this study is exempt from ethical approval [IRB 
number 16-0006]. 
 
g) Data analysis steps 
Before conducting the analyses, we cleaned the data according to Figure 1 and 
had it renamed or recoded. We also generated new variables of interest according to 
the abovementioned table of analysis plan.  
Next, we provided descriptive statistics of our sample. This included maternal 
socio-demographic characteristics (i.e., age, parents’ education, residence, wealth 
quintiles, health insurance coverage) and neonatal health-related characteristics (i.e., 
parity, birth interval, number of antenatal care visits, maternal complications during 
pregnancy or delivery, place of delivery, and neonatal survival status). All of these 
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characteristics were stratified by place of delivery, and statistical analyses by chi-
squared tests were conducted to assess associations between variables. We then 
assessed the strength of each covariate on the association between place of delivery 
and neonatal death. When covariates were not seen as strong based on the priori 
criterion level but had been shown in the literature to impact preference for place of 
delivery or risk of neonatal death, we retained them in our regression model.  All of 
the results were described in Table 1.  
We reviewed the possibility of multicollinearity between variables by 
assessing their variance inflation factors (VIFs). A cutoff value of VIF >5 or VIF >10 
has been suggested by Craney and Surles (2002) as an indication of a strong 
multicollinearity.38 In our study, a moderate collinearity was observed between parity 
and birth interval. However, as all of the VIF values were less than 10, we decided to 
retain all of our variables in the analyses.  
Next, we conducted bivariate logistic regression analysis to look at the crude 
odds ratios between the explanatory variable (i.e., place of delivery), the outcome 
(i.e., neonatal death) and each covariate of interest. The crude odds ratios, their 95% 
confidence intervals, and p-values were reported in Table 2. 
Following the bivariate analysis, we then ran the full model of multivariate 
logistic regression analysis to assess the associations between place of delivery and 
neonatal death by taking into account all covariates of interest, including place of 
residence. The adjusted odds ratios, their 95% confidence intervals and p-values were 
reported in Table 3. 
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Finally, the effect measure modification analysis was conducted to assess 
whether the associations between place of delivery and neonatal mortality differs by 
place of residence (i.e., urban vs. rural areas) with adjustments to other variables of 
interest. The adjusted odds ratios and 95% confidence intervals were reported in 
Figure 3. 
 
E. Results 
Table 2 describes the demographics of the Indonesian population represented by the 
sample. Nearly two-thirds of children were born to women aged 20-34 years, most of whom 
were multiparous with birth intervals of at least 60 months. The majority of the children’s 
parents attained a secondary level of education and lived in urban regions but lacked health 
insurance. Almost all of the respondents’ mothers had antenatal care of at least four visits. 
Half of the mothers reported experiencing maternal complication signs and symptoms during 
pregnancy or delivery and ended up giving birth at first-level health institutions. At least one 
percent of infants in the population were reported to have died within the first 28 days of life.  
Furthermore, almost all variables of interest are significantly associated with the place 
of delivery (Table 2). Women who gave birth at health institutions were more likely to be 
multiparous, aged 20-34 years, have secondary education attainment, live in an urban region, 
belong to a rich group, have received antenatal care at least 4 times during pregnancy, have 
reported maternal complication during pregnancy or delivery, and be covered by health 
insurance (Table 2). 
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Table 2. Characteristics of children (n=11,906) born to women aged 15-49 years through vaginal deliveries 
supervised by skilled attendants, Indonesia, the 2012 IDHS 
 
Variables Sample size (n) a) Percent 
b) 
Place of delivery c) 
Home 
 
 (n=4,298) 
First-level 
institution 
(n=5,069) 
Referral 
institution 
(n=2,520) 
p-value 
d) 
Mother’s age in years, %       
Less than 20 374 2.91 3.54 2.94 2.86 ** 
20-34 8,701 72.74 73.24 74.89 69.17  
35 or above 2,831 24.35 23.22 22.17 27.98  
Parents’ education level, %       
Higher education 2,289 17.59 13.05 16.55 35.20 ** 
Secondary education 7,670 64.71 64.10 69.19 55.32  
Primary education or less 1,947 17.69 22.85 14.26 9.48  
Mother’s parity, %       
1 3,749 34.61 28.34 32.79 34.21 ** 
2-4 7,202 58.80 60.38 61.73 58.17  
5 or more 955 6.59 11.28 5.48 7.62  
Number of antenatal care visits, %       
4 visits or more 9,223 92.28 83.96 93.30 92.53 ** 
Birth interval e), %       
Less than 24 months 837 9.69 12.12 10.40 11.90  
24-59 months 3,118 38.38 42.38 42.41 42.20  
60 months or more 3,408 51.93 45.50 47.20 45.90  
Maternal complications during 
pregnancy or delivery, % 
      
Yes 5,678 51.88 40.04 50.03 56.03 ** 
Place of residence, %       
Urban 5,995 52.77 28.78 60.76 66.35 ** 
Household wealth quintile, %       
Richest 1,931 19.82 6.77 18.35 28.10 ** 
Richer 2,322 22.37 12.82 23.91 22.06  
Middle 2,478 21.58 20.15 22.02 19.60  
Poorer 2,514 19.73 23.92 20.50 17.50  
Poorest 2,661 16.50 36.34 15.23 12.74  
Mother’s health insurance, %       
No  7,081 63.77 63.16 63.42 45.37 ** 
Place of delivery, %       
Home 4,298 28.54     
First-level health institution 5,069 51.91     
Referral-level health institution 2,520 19.55     
Neonatal survival status, %       
Neonatal death 170 1.34 1.35 1.32 1.79  
 
IDHS: Indonesia Demographic and Health Survey; ** p value <0.01 
a) Total non-missing observations in unweighted sample 
b) Weighted sample with adjustment for primary sampling units (PSUs) and survey strata (region, urban-rural) 
c) Unweighted sample 
d) p-values derived from chi-squared tests 
e) Among respondents with parity >1 
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The results of the weighted, bivariate logistic regression analyses (Table 3) showed 
that compared with those who gave birth at home with the presence of a skilled attendant, 
women who delivered at first-level health institutions had lower odds of neonatal mortality, 
although this difference was not statistically significant. Conversely, having vaginal delivery 
at a referral-level institution appeared to have slightly higher odds of neonatal mortality than 
giving birth at home, but no statistical significance was observed.  
Compared with multiparous women, primiparous women had significantly lower 
odds of neonatal mortality. Several factors that appeared to significantly increase the odds of 
neonatal mortality included grand multiparity of five or more, close birth interval of less than 
24 months, inadequate number of antenatal care visits of less than 4 times, and lower 
educations attainment (i.e., secondary education, primary education or less).  
As shown in Table 4 of weighted, multivariate logistic regression analyses, holding 
other variables constant, the odds of neonatal mortality among women who gave birth at 
first-level health institutions was 65% lower than among those who gave birth overseen by 
skilled attendants at homes, and this difference was statistically significant. By contrast, the 
odds of neonatal mortality among those who delivered at referral level health institutions – 
after controlling other variables – was 1.19 times the odds of those who delivered at home, 
although the difference was not statistically significant.  
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Table 3. Place of delivery and neonatal mortality among children born to women aged 15-49 years through 
vaginal deliveries supervised by skilled attendants, Indonesia, 2012 IDHS a) 
 
 Neonatal mortality b) 
Crude OR 95% CI 
Place of delivery   
Home (ref)   
First-level health institution 0.76 0.44, 1.31 
Referral-level health institution 1.06 0.57, 1.96 
Mother’s age   
20-34 years (ref)   
Less than 20 years 1.13 0.48, 2.70 
35 years or older 0.98 0.58, 1.68 
Mother’s parity   
2-4 (ref)   
1 0.43 0.24, 0.78 ** 
5 or more 1.41 0.68, 2.92 
Birth interval   
24-59 months (ref)   
Less than 24 months 2.84 1.11, 7.23 * 
60 months or more 1.02 0.49, 2.12 
Maternal complications during pregnancy or 
delivery 
  
No (ref)   
Yes 0.97 0.62, 1.52 
Number of antenatal care visits   
4 visits or more (ref)   
Less than 4 visits 2.03 1.09, 3.80 * 
Parents’ education attainment   
Higher education (ref)   
Secondary education 1.94 1.01, 3.73 * 
Primary education or less 2.93 1.24, 6.95 * 
Place of residence   
Urban (ref)   
Rural 1.54 0.91, 2.59 
Household wealth quintile   
Richest (ref)   
Richer 0.74 0.31, 1.77 
Middle 1.55 0.65, 3.74 
Poorer 1.44 0.64, 3.24 
Poorest 1.95 0.87, 4.35 
Mother’s covered by health insurance    
Yes (ref)   
No 1.17 0.73, 1.86 
 
IDHS: Indonesia Demographic and Health Survey; OR: odds ratio; CI: confidence interval; * p-value <0.05; ** p-value<0.01 
a) Complete case analyses of the weighted sample with adjustment for primary sampling units (PSUs) and survey strata 
(region, urban-rural) 
b) OR, 95% CI, and p values derived from full model logistic regression 
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Table 4. Place of delivery and neonatal mortality among children born to women aged 15-49 years through 
vaginal deliveries supervised by skilled attendants, Indonesia, 2012 IDHS a) 
 
 Neonatal mortality b)  
Adjusted 
OR c) 95% CI 
Place of delivery   
Home (ref)   
First-level health institution 0.35 0.15, 0.83 * 
Referral-level health 
institution 
1.26 0.53, 3.03 
 
IDHS: Indonesia Demographic and Health Survey; OR: odds ratio; CI: confidence interval; * p-value <0.05 
a) Complete case analyses of the weighted sample with adjustment for primary sampling units (PSUs) and survey strata 
(region, urban-rural) 
b) OR, 95% CI, and p value derived from full model logistic regression 
c) Controlling for mother’s age, parity, birth interval, maternal complications during pregnancy or delivery, number of 
antenatal care visits, parents’ education level, place of residence, household wealth quintile, and mother’s health insurance 
coverage 
 
 
The weighted, reduced model of logistic regression analyses reported in Figure 3 
showed that the relationships between place of delivery and neonatal mortality differed by 
type of residence (i.e., urban vs. rural areas) in Indonesia. Urban women who gave birth at 
first-level health institutions had significantly lower odds of neonatal mortality (adjusted OR 
0.18, 95% CI 0.05, 0.57) than those who gave birth under the supervision of a skilled 
attendant at home, after controlling for other variables. Likewise, the odds of neonatal 
mortality among urban women who delivered at referral health institutions were also lower 
(adjusted OR 0.52, 95% CI 0.19, 1.42) compared with those who delivered at home, although 
this finding is not statistically significant.  
Among rural residing women, the odds of neonatal death was also lower among those 
who gave birth at first-level health institutions when holding other variables constant 
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(adjusted OR 0.68, 95% CI 0.28, 1.65) compared with those who delivered while being 
overseen by skilled attendants at home, although this finding is not statistically significant. 
However, compared with home-based deliveries, delivering a baby at referral level health 
institutions is associated with significantly higher odds of neonatal mortality among rural 
residing women (adjusted OR 2.99, 95% CI 1.23, 7.24), after controlling for other variables 
of interest. 
 
  
 
 
F. Discussion, Policy Implications and Recommendations 
The results of this study show that giving vaginal birth at first-level health institutions 
in Indonesia significantly reduced the odds of neonatal mortality by 65% in comparison with 
those who gave birth while being overseen by skilled attendants at home. While giving birth 
at referral level health institutions appears to reduce the odds of neonatal mortality in urban 
regions, an inverse association was found among rural residing women.  
Figure 3. Place of delivery and neonatal mortality by urban vs. rural, Indonesia, 2012 IDHS 
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The lower odds of neonatal mortality among those who gave birth at first-level health 
institutions is comparable with the results of the systematic review by Bhutta and colleagues 
(2008) aiming to assess the impact of interventions in primary care settings on maternal and 
neonatal survival outcomes using Pakistan and Uganda as the models. Reviewing 223 RCTs, 
173 observational studies, and 52 systematic reviews, Bhutta and colleagues found that 
primary care interventions on maternal and child health may avert 21-50% and 20-45% of 
all-cause neonatal deaths in Pakistan and Uganda, respectively.39 The importance of giving 
birth at a primary care facility has also been emphasized by WHO. According to WHO, the 
first-level health institutions are able to provide women with a safe environment for labor and 
delivery and early detection and management of any complications that may arise during the 
childbirth process, thus reducing the risk of mortalities.26   
When stratified by residence, first-level institutional delivery appears to be 
consistently associated with reduced odds of neonatal mortality both in urban and in rural 
areas, although the magnitude and a significant association were observed only in urban 
settings. In terms of neonatal survival status, a different magnitude and direction of 
association were observed among urban and rural residing women who gave vaginal birth at 
referral level health institutions. While it appeared to be protective against neonatal mortality 
among urban women, having vaginal delivery at referral level institutions is associated with 
increased odds of neonatal mortality among rural residents. All of these facts have raised 
concerns regarding maternal and child health disparities between urban and rural regions in 
Indonesia.  
Health disparities between urban and rural areas are obvious as the trends in place of 
delivery between urban and rural regions were significantly different (Table 2). In addition, 
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the results of the regression analyses showed that the odds of neonatal mortality were higher 
among rural residing women who delivered at referral level institutions. while the majority of 
urban residing women were able to access and eventually utilized first-level or referral level 
health institutions for receiving childbirth care, those living in rural areas relied mostly on 
home-based delivery (Table 2). Although 75% of all primary health centers in Indonesia are 
located in rural areas,40 difficulty accessing health care due to distance was reported to be two 
times higher among women living in rural areas than among those residing in urban regions 
(14.0% vs. 7.3%).3 A study by Malqvist and colleagues (2010) in Vietnam confirmed that the 
odds of neonatal mortality varied by distance to a health facility, with those residing at least 
1,257 meters away from a health facility having odds of neonatal mortality twice that of their 
counterparts (adjusted OR 1.96, 95% CI 1.40, 2.75).41 
Furthermore, discrepancies also exist in the supply side as health institutions in urban 
areas are more ready for performing services. Examples include facility access to clean water 
and continuous electricity supply. The 2011 Health Facility Research on Primary Health 
Centers study reported that only 68.5% of primary health centers in rural areas had access to 
clean water, in comparison with 80.8% of those in urban regions.40 While almost all health 
centers in urban regions were able to switch their electrical devices on at any time, a 
continuous 24-hour supply of electricity was available only for 84.3% of health centers in 
rural areas.40 The shortage of water and electricity is most likely due to infrastructure issue. 
National data of 2006 showed that clean water supply from piped plants, ground water, 
protected wells, and protected springs could reach only 69.26% and 83.39% of rural and 
urban residents, respectively.42 On the other hand, the State-owned Electricity Company (PT 
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Perusahaan Listrik Negara, PLN) could reach only 67.98% of national need for 
electrification in 2011.43  
Furthermore, wealth quintiles did not appear to be significantly associated with the 
odds of neonatal mortality in Indonesia. This is in agreement with the findings of other 
studies assessing the relationship between wealth index and neonatal outcomes in Indonesia 
(Hatt et al., 2009),12 Ethiopia (Mekonnen et al., 2013),25 and Bangladesh (Owais et al., 
2013).44 Hatt and colleagues (2009), who studied the 1991-2003 Indonesia DHS, argued that 
the wealth quintiles based on asset ownership used in the DHS might not capture all of the 
essential measures of socioeconomic status in the population.12  
The Indonesia National Health Insurance (Jaminan Kesehatan Nasional, JKN) 
program launched in 2014 aims to overcome financial barriers among residents in accessing 
health care services, including for maternal and child health. In parallel with this program, 
the new Government that took office in 2015 has set a new policy aiming to move all 
deliveries from home – whether overseen by a traditional attendant or skilled personnel – to 
health institutions. The results of this study have several implications for the implementation 
of both the National Health Insurance program and the new policy on institutional delivery.  
First, first-level health institutions play an important role in the neonatal mortality 
reduction program in Indonesia. Thus, the Government of Indonesia’s efforts to bring all 
home-based deliveries to health institutions should emphasize the role of first-level health 
institutions, especially for low-risk pregnancy and delivery. It is recommended that the 
Government should ensure the availability and accessibility of first-level health institutions 
for all women across the country by continuing the deployment program of strategic health 
workers, incentive provision for those willing to work at rural and remote areas, and 
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fulfillment of essential equipment. In addition, the assurance of quality of care should always 
be maintained through periodic supportive supervision, continuing education and regular 
training. In terms of infrastructure, provision of electricity and access to clean water across 
the country, especially for health care institutions in rural and remote areas, should be among 
top priorities. Adequate funding should be allocated to provide health institutions with clean 
water source alternatives, including protected wells and springs, piped plants, or rain/storm 
water harvesting. On the other hand, while the electrification provided by the State-owned 
Electricity Company (PLN) is in progress, other energy source alternatives should be 
delivered through diesel generators, solar cell panels, or micro-hydro generators.    
Second, the association between the place of delivery and neonatal mortality differs 
by the place of residence. While institutional delivery appears to be protective against 
neonatal death among urban women, it unfortunately increases the odds of neonatal mortality 
among rural residents. The higher odds of neonatal mortality among rural residents may be 
due to delays in receiving care as more women in rural areas reported distance barriers in 
accessing health care. Therefore, the national policies should ensure that all residents across 
the country, especially in rural areas, have equal access to quality health care services both at 
first-level and referral level. The maternal and child health referral system should also be 
established, including the provision of medical communication systems and alternative 
transportation for small islands and other remote areas. 
Third, the 2012 Indonesia DHS data set used in this study was the last DHS prior to 
the establishment of the Indonesia National Health Insurance program and the 2015-2019 
Indonesia National Development Plan both of which aim to bring all childbirths from homes 
to health institutions. Thus, this study may serve as the baseline for future studies aimed at 
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comparing the differences before and after the implementation of institutional delivery 
policy. 
The use of the Indonesia Demographic and Health Survey data set is one of the 
strengths of this study. Indonesia DHS is a nationally representative survey with results that 
can be generalized within the whole country. Unlike previous existing studies, this study 
aimed to compare the effect on neonatal mortality between having skilled birth attendants at 
home and at level-specific health institutions in Indonesia. The stratification of urban vs. 
rural areas in this study also urges more study on health disparities to be conducted in 
Indonesia. However, this study also poses several limitations. In terms of complications 
during pregnancy, the DHS tried to capture only direct, obstetric complications and did not 
ask for other indirect conditions that may also harm pregnancy, such as malaria, 
hypertension, heart disease, diabetes, anemia, tuberculosis, and HIV. Furthermore, this study 
also could not assess the reason behind the choice for place of delivery, as a woman may end 
up giving birth at a health institution because of her own desire or due to a referral for any 
maternal complication. Finally, this study is also unable to measure the quality of care during 
labor and delivery, as such information was not available in the DHS data set.  
More studies, including qualitative research, are needed to capture aspects that were 
not measured in the DHS and to better understand the factors affecting utilization and impact 
of delivery care at health institutions towards neonatal – and maternal – health in Indonesia. 
This greater understanding is necessary to assure that these new policies, which aim to move 
all deliveries to health facilities, actually reduce mortality and improve health status among 
Indonesian newborns. 
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G. Conclusions  
This study suggests that giving birth at first-level health institutions may reduce the 
odds of neonatal mortality in Indonesia, especially in urban regions. Ensuring the readiness 
and quality of care in childbirth services among all health institutions is paramount to 
narrowing the health disparities between urban and rural areas and to reducing neonatal 
mortality across the country.  
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